The Manila family of Mycobacterium tuberculosis is a group of clonal isolates seen throughout the Pacific Basin. Commonly used rapid molecular typing methods often leave large groups of Manila family isolates clustered together. Here, we describe a simple deletion-based PCR method that improves the discrimination seen with Manila family isolates, with or without the use of MIRU-VNTR classification, that is both rapid and affordable. 28 Manila family isolates, 15 classified by spoligotyping, were collected from around the Pacific Basin from 1995-2003 and tested for known genomic deletions, of which 9 of 15 tested were identified as potentially discriminatory with 18 distinct patterns; from these, five of the regions of difference were selected for optimal discrimination using 61 Manila family isolates from California in 2009. For this geographically limited sample, the single large cluster was reduced to 14 distinct patterns. When 20 tested with spoligotyping and MIRU-VNTR, 43 distinct patterns were increased to 54. In summary, combining the two study groups,which form a single group of 89 isolates by spoligotyping, were segregated into 17 subgroups with our deletion-based sub-typing system.
tuberculosis (TB) by helping identify potential outbreaks, studying the epidemiological relationships between TB patients, as well as case tracking and other measures. Restriction fragment length polymorphisms (RFLP), based on IS6110 typing (21), has been considered the "gold standard" since its introduction; however, due to its labor-intensity and the long time needed 30 to culture and prepare isolates, more rapid alternative typing methods were subsequently developed (2,12). Spoligotyping, based on unique spacers within a direct repeat region of the M. tuberculosis genome (11) , is often used in conjunction with variable numbers of tandem repeats (VNTR) of genetic elements known as mycobacterial interspersed repetitive units (MIRU) to provide a similar level of discrimination seen with RFLP typing with most isolates (9, 13, 17, 18, 19) . 35 Some clonal groups of M. tuberculosis remain difficult to type even with these rapid methods, with very large groups of isolates sharing the same typing pattern, such as the Beijing and Manila families (6, 8, 15) . The Manila family, characterized by Douglas et al. (7), is the predominant genotype seen in the Philippines, and is common throughout the Pacific, Asia, and western USA (1,14). It is defined as an ancestral strain, containing the TbD1 region, and all isolates share the 40 same spoligotype (3,4). When typed with spoligotyping and 12-locus MIRU-VNTR, over half of the isolates share the same pattern (6,8); the addition of a further 12 MIRUs increases the effectiveness of typing but such data has not yet been published to date.
To aid in the efficiency of rapid TB typing methods currently in use, we sought to create another typing test independent of spoligotyping and MIRU-VNTR. Genomic deletions provide an 45 intriguing possibility; because genetic transfer is very rare in M. tuberculosis, the loss of a large region of its genome is essentially irreversible. Tsolaki et al. (20) reported a large number of regions of difference (RDs) in a wide range of clinical samples compared to the reference strain H37Rv. Here we investigate which of these RDs are likely to increase discriminatory power among Isolate collection and selection. 28 Manila family isolates were collected from locations throughout the Pacific and East Asia from 1995-2003 as listed in Table 2 . The 61 California isolates used in this study were from the California Department of Health, Richmond, from the first 55 8 months of 2009. Isolates with DNA remaining after RFLP were used in the deletion analysis and are listed in Table 3 . Non-molecular epidemiological data for these isolates was unavailable.
Spoligotyping and MIRU-VNTR. Spoligotyping for the 28 isolates was performed manually by membrane blot assay as described in (11) . Spoligotyping for the 61 California isolates was performed at the California Department of Health using the Luminex multianalyte profiling 60 system as described in (5). 24-locus MIRU-VNTR was performed as described in (18) .
PCR. PCR were performed with 1x reaction buffer, 1.5mM MgCl2, 0.2mM each dNTP, 0.4µM of each forward and reverse primers (as described in Table 1 Deletion testing. Primers for each region of difference were created using Primer3 software (http://frodo.wi.mit.edu/primer3/), amplifying a sequence completely within the potential deletion 70 (Table 1) . Each region was amplified by PCR to determine whether a deletion of each region of interest had occurred; bands were correspondingly viewed on a 2% agarose gel. Each deletion was tested twice for each isolate. Regions amplified by PCR were sequenced to confirm the reaction (ASGPB).
Statistical analysis. The Hunter-Gaston Index (HGI), as described in (10), was used as a 75 measure of discriminatory power for each typing method. The HGI was calculated as follows:
The clustering rate was calculated as (n c -c)/n, where n is the total number of isolates in the sample, c is the number of genotypes containing more than one isolate, and n c is the number of 80 isolates that share a type with at least one other isolate (16) .
Results and Discussion:
An original sample set of twenty-eight isolates from throughout the Pacific from [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] were used to identify the most discriminatory set of RDs ( Table 2 ). The nine RDs listed in Table 2  85 broke the single large cluster into 5 smaller clusters and 12 unique types when paired with spoligotyping. The most commonly deleted RDs were 135 and 141, which were absent in 21 (75%) and 18 (64.2%) of the 28 Pacific Basin isolates. However, because we lacked an automated MIRU-VNTR system and found nonspecific amplification of MIRU loci 4 and 27 by gel examination, this data was not available for these isolates. 90
Though nine different RDs were tested, only five (131ab, 135, 141, 147c, and 239) of them were deleted in any of the 2009 California isolates ( Figure 1 , Table 3 ). This may be due to this sample set originating from the same geographic location, while the 28 Pacific Basin isolates were distributed throughout the Pacific Basin (Table 2) ; however, this population of samples from a local area is still a good indicator of effectiveness since most laboratories use samples with a limited 95 though large clusters remain, it offers vast improvement to spoligotyping and is more discriminatory than using 12-locus MIRU-VNTR for Manila family isolates. Adding RD deletions to spoligotyping and 12-locus MIRU-VNTR dropped the clustering rate considerably, from 73.8% to 44.3%.
When used with spoligotyping and 24-locus MIRU-VNTR, RD deletions further increased 110 the discriminatory power; the largest clusters consisted of only two isolates, and the number of distinct patterns in the California sample set increased from 43 to 56. This combination of typing methods has comparable discrimination to spoligotyping and 24-locus MIRU-VNTR in other groups of M. tuberculosis (18) .
This rapid, inexpensive, and easily interpreted PCR-based deletion detection sub-typing 115 scheme is a suitable addition to current typing methods. It is also reproducible, and due to the Table 1 : Primers used in this study to detect deletions of variable regions.
Region of Difference
Primer Sequence (5'-3') Amplicon Size ( 
